Abstract. Searching for photodynamic therapy-effective nanocarriers which enable a photosensitizer to be selectively delivered to tumor cells with enhanced bioavailability and diminished dark cytotoxicity is of current interest. We have employed a polymer-based nanoparticle approach to encapsulate the cyanine-type photosensitizer IR-780 in poly(n-butyl cyanoacrylate) (PBCA) nanocapsules. The latter were fabricated by interfacial polymerization in oil-in-water (o/w) microemulsions formed by dicephalic and gemini saccharide-derived surfactants. Nanocarriers were characterized by SEM, AFM and DLS. The efficiency of PBCA nanocapsules as a potential system of photosensitizer delivery to human breast cancer cells was established by dark and photocytotoxicity as the function of the cellular mitochondria. The photodynamic effect of cyanine IR-780 was determined by investigation of oxidative stress markers. The nanocapsules were the main focus of our studies to examine their cellular uptake and dark and photocytotoxicity as the function of the cellular mitochondria as well as oxidative stress markers (i.e., lipid peroxidation and protein damage) in MCF-7/WT cancer cells. The effects of encapsulated IR-780 were compared with those of native photosensitizer. The penetration of the nanocapsules into cancer cells was visualized by CLSM and their uptake was estimated by FACS analysis. Cyanine IR-780 delivered in PBCA nanocapsules to MCF-7/ WT cells retains its sensitivity upon photoirradiation and it is regularly distributed in the cell cytoplasm. The intensity of the photosensitizer-generated oxidative stress depends on IR-780 release from the effective uptake of polymeric nanocapsules and seems to remain dependent upon the surfactant structure in o/w microemulsion-based templates applied to nanocapsule fabrication.
Introduction
Successful treatment of cancer depends on the effectiveness of cytotoxic anticancer therapies, either alone or in combination with other ways of treatment. Therefore, there is a need for new diagnostic and therapeutic techniques with significantly improved sensitivity and specificity. Photodynamic therapy (PDT) is a relatively new anticancer treatment which both offers an alternative approach to conventional methodologies and receives quite noticeable acceptance in oncology (1, 2) . In contrast to chemo-and radiation therapies PDT provides fewer adverse side effects and higher selectivity. Its dominant mechanism of action comprises overproduction of reactive oxygen species (ROS), inducing oxidative stress in malignant cells. ROS react with lipids and thiol groups of proteins, and cause damage to cellular membranes. Among these targets, peroxidation of lipids is particularly damaging because the formation of lipid peroxidation products leads to a facile propagation of free radicals (3) . PDT can induce cell death through necrosis or apoptosis dependent on the photosensitizer used, illumination conditions, oxygenation status of tissue and the type of cells involved (4) . However, the intracellular localization of the sensitizer coincides with the primary site of photodamage (5) . Numerous photosensitizers have been examined in vitro and in vivo, including porphyrins and chlorines, and a few of them have revealed ideal features for PDT (6) . Furthermore, some groups of light-sensitive cyanine dyes were also identified as photosensitizers (7) . The cyanine derivatives, a complex group of dyes containing numerous subgroups featuring cationic and anionic compounds, appear to have interesting properties and they have been studied as potential PDT dyes in recent years. Some authors have reported on application of indocyanine green, squarylium cyanine and MC540 in photodynamic therapy (8, 9) . Such structures were used for the selective
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KAZIMIERA A. WILK 1 removal of ocular leukemia, lymphoma, and neuroblastoma cells (10) . Although the cyanines appear interesting for PDT treatment, in clinical trials the same side effects were observed as the results of dark toxicity of photosensitizers towards cancer and normal cells (6) . For this reason, the incorporation of such hydrophobic molecules into biocompatible nanocapsules may reduce cytotoxicity of a free photosensitizer and permit the delivery of greater amounts of such cargo to the cancer cells. In the literature there are many examples of polymeric nanoparticles designed as drug nanocarriers (11) (12) (13) , including those which comprise nanocapsules consisting of a liquid core (mainly water) surrounded by a thin polymer envelope (14, 15) . Oil-containing nanocapsules were obtained mainly by the polymerization of alkyl cyanoacrylates at the oil/water interface of very fine o/w emulsions (16, 17) . In the literature some poly(alkyl cyanoacrylate) nanocapsules were found suitable for the delivery of a water-soluble bioactive compound, for example as potential nanocarriers for oligonucleotides (18) , proteins (19) , and peptide drugs (20, 21) . We have previously reported on IR-768 cyanine molecules encapsulated in non-ionic microemulsion-templated nanocapsules, which being internalized in MCF-7 breast cancer cells, effectively enhance cell death after light irradiation (17, 22) . As a continuation of our search for new polymeric templatemediated nanoproducts we focused our present studies on the systematic evaluation of the template-type influence on the biological response of the given nanocarrier. For interfacial polymerization of n-butyl cyanoacrylate, four kinds of oil-inwater (o/w) microemulsions were employed as templates: those stabilized by biodegradable and biocompatible saccharidederived surfactants of a dicephalic structure, i. (3-gluconylamido) propyl]ethylene diamine (bis(C12GA)) (structures are shown in Fig. 1 ) (24, 25) . Using different types of surfactant architectures to form o/w microemulsions offers the flexibility to choose the microemulsion template that provides optimal loading, release and biological impact in the cell environment. Accordingly, the aim of our study was to evaluate the cytotoxic effect and metabolic consequences of PDT realized by means of a so-called third generation photosynthesizer, i.e., a hydrophobic cyanine IR-780 (structure is shown in Fig. 1A ) encapsulated in polymeric microemulsion-templated nanocapsules and delivered to cancer cells. The physical characteristics of obtained nanoproducts such as size distribution, apparent shape, microelectrophoretic behavior and colloidal stability were investigated by means of dynamic light scattering (DLS), Doppler laser electrophoresis, scanning electron microscopy (SEM) and atomic force microscopy (AFM). Biological examinations comprised examination of mitochondrial metabolic function and description of the main oxidative markers, i.e., lipid peroxidation and protein oxidative damage in relation to each template/surfactant/nanocapsule. The penetration of the nanocapsules into cancer cells was visualized by a confocal laser scanning microscope (CLSM) and cytofluorimetric analysis (FACS). Introduction and light excitation (λ 760-800 nm) of photosensitizer IR-780 to the MCF-7/WT cells was found to induce oxidative stress.
Materials and methods
Reagents. Photosensitizer IR-780 with the chemical structure as shown in Fig. 1A , diethylene glycol monoethyl ether (EMGD), ethanol, iso-butanol and Dulbecco's modified Eagle's medium (DMEM) were purchased from Sigma-Aldrich. N-butyl cyanoacrylate was kindly given to us by Tong Shen Ent. Co., (Taiwan). Surfactants, namely dicephalic N-dodecyl-N, Nbis[(3-D-glucoheptonylamido)propyl]amine (C12DGHA) and N-dodecyl-N,N-bis[(3-D-gluconylamido)propyl]amine (C12DGA), as well as gemini N,N'-bisdodecyl-N,N'-bis[ (3-glucoheptonylamido) propyl]ethylenediamine (bis(C12GHA)) and N,N'-bisdodecyl-N,N'-bis[(3-gluconylamido)propyl] ethylenediamine (bis(C12GA)), were synthesized as previously described (23, 25, 26) (for structures see Fig. 1B and C) . Water used in all the experiments was doubly distilled and purified by means of the Millipore Milli-Q purification system (Bedford, MA).
Preparation of microemulsion-templated nanocapsules with
and without cyanine IR-780. Microemulsions were prepared as described previously (17) . Briefly, oil-in-water microemulsions, containing 5% surfactant, 5% iso-butanol as a cosurfactant (at a 1:1 surfactant-to-cosurfactant weight ratio), 5% diethylene glycol monoethyl ether as an oil, and 85% water, were prepared by mixing appropriate amounts of all components in vials by shaking at ambient temperature. For the preparation of cyanineloaded microemulsion, oil with the dissolved IR-780 powder was used as the oil component of the microemulsion. Nanoparticles were prepared based on the method described in ref. 17 : 50 µl of n-butyl cyanoacrylate monomer was dissolved in 150 µl of chloroform and slowly added to 10 ml of the selected microemulsion template (empty or loaded with the photosensitizer IR-780). Interfacial polymerization was performed at 4˚C and the system was stirred for at least 4 h to complete the synthesis. The nanocapsules were collected by centrifugation at 10,000 rpm for 15 min at 25˚C (Eppendorf centrifuge, Unipen 310 rotor), washed several times with ethanol and dried. Entrapment of IR-780 (E %) was determined indirectly by measuring the concentration of the remaining cyanine in the supernatant following the isolation of the nanoparticles. The difference between the mass of cyanine solubilized in the polymerization template and the unloaded amount measured in the supernatant of the resulting nanocapsule dispersion following centrifugation was determined (Metertech SP8001 spectrophotometer with 1-cm-path-length thermostated quartz cell). All measurements were performed in triplicate. E (%) was calculated by E (%) = [(IR-780)tot -(IR-780) free)/(IR-780)]tot x 100.
Characterization of nanoparticle size, surface charge and morphology. The particle size and distribution of both the o/w microemulsions and the PBCA nanocapsules were determined by dynamic light scattering (DLS) (Zetananosizer Nano series ZS, Malvern Instruments Ltd.) according to directions given in ref. 27 . The zeta potential of the poly(n-butyl cyanoacrylate) nanocapsules dispersed in 1 mM sodium chloride solution was determined by electrophoretic mobility using the Zetananosizer Nano series ZS instrument. The external structure of the dry nanocapsules was visualized by a scanning electron microscope (SEM) (Jeol, JSM-5800 LV), in which ethanol dispersions of the nanocapsules were placed on the sample holder, the ethanol was allowed to evaporate, and the nanocapsules were coated with carbon. The samples were viewed at an accelerating voltage of 22 kV. Atomic force microscopy (AFM) was performed as follows. A total of 20 µl of an ethanol suspension of the nanoparticles was deposited on a freshly cleaned mica surface, which corresponds to an approximate surface concentration of 10 molecules/µm 2 . The samples were then dried overnight. Imaging was carried out using the ultra-low-amplitude tapping mode on a Veeco NanoScope Dimension V AFM with an RT ESP Veeco tube scanner. Scanning speeds were 0.5 Hz and a low-resonance-frequency pyramidal silicon cantilever resonating at 250-331 kHz was used (force constant: 20-80 N/m). The amplitude of the resonance was set manually to the lowest possible for stable imaging within the contamination layer present on the surface.
Cell culture. A well-characterized and photodynamically examined human malignant doxorubicin-sensitive cell line (MCF-7/ WT) was used. The human breast adenocarcinoma cell line MCF-7 is derived from a pleural effusion taken from a 69-yearold Caucasian female with metastatic breast cancer. The cell line was a kind gift from the Department of Tumor Biology, Comprehensive Cancer Center, Maria Sklodowska-Curie Memorial Institute in Gliwice. The cell line was cultivated in the growth medium Dulbecco's modified Eagle's medium (DMEM, Sigma) supplemented with 10% fetal calf serum (Biowhittaker) and antibiotics (penicillin/streptomycin, Sigma) in 25 ml TC flasks (Falcon) at 37˚C, in a 5% CO 2 humidified atmosphere. For the experiments the cells were removed by trypsinization (trypsin 0.025% and EDTA 0.02%; Sigma) and washed with PBS.
Cytotoxicity studies after photoirradiation of MCF-7/WT cancer cells treated with free or encapsulated IR-780.
The MTT assay (Sigma) was used to test the mitochondrial metabolic function of MCF-7/WT breast cancer cells. The experimental conditions were described in a previous report (17) . Briefly, the cells were plated at a density of 2x10 5 cells in 0.2 ml of DMEM on 96-well plates and incubated at 37˚C in a 5% CO 2 atmosphere. After 24 h of culture, the medium in the plate was replaced with 0.2 ml of fresh DMEM. Thereafter, 50 µl aliquots of samples containing free cyanine IR-780 at a concentration range of 2-15x10 -6 M or unloaded or IR-780-loaded nanocapsules were added to 0.2 ml of cell suspension in DMEM and the incubation was continued overnight. The IR-780 concentration in all experiments with loaded nanocapsules was adjusted to be the same as that of the free dye. Control cells (negative control without cyanine IR-780 or with empty nanocapsules) were processed in the same way. The conditions for cancer cell light irradiation were established according to previous reports (28, 29) . The cells were irradiated for 10 min with a total light dose of 6 J/cm 2 using a lamp (OPTEL Opole, Fibre Illuminator, Poland) with polarized light and a red filter (λ max 632.8 nm). The energy fluency rate was 10 mW/cm at the level of the cell monolayer. The influence of nanocapsules unloaded and loaded with cyanine IR-780 as well as free cyanine on MCF-7/WT cell survival was assayed after 24-h incubation at 37˚C. The MTT test was then performed. The absorbance of the resulting solutions from three duplicate experiments was read at a wavelength of 570 nm in an ELISA microplate reader (Labsystems Multiscan MS, Finland). The calculated data were expressed as the percentage of cell survival.
Fluorescent activated cell scanning (FACS).
Flow cytometric studies were performed for a quantitative study of intracellular uptake of PBCA nanocapsules loaded with IR-780 by the MCF-7/WT breast cancer cell population. The samples containing 3x10 5 cells/ml were incubated for 24 h with cyanineloaded nanocapsules following the previous reported procedure (17) , under final cyanine IR-780 concentration of 15x10 -6 M. The cells treated with comparative amounts of nanocapsule analogs without cyanine were a negative control. The positive control sample contained MCF-7/WT cells incubated with 15x10 -6 M free cyanine. Intracellular IR-780 fluorescence detection was carried out using a FACSCalibur flow cytometer (Becton-Dickinson) equipped with argon laser (488 nm) and red diode (633 nm). After excitation of cell samples at 633 nm, the fluorescence of IR-780 was measured by an FL-4 detector. Data were analyzed using CellQuest software (Becton-Dickinson) and presented as histograms as well as the geometric mean (GMean) fluorescent emission intensities of positive cells (30, 31) .
Confocal laser scanning microscopy (CLMS) method of cyanine IR-780 localization in MCF-7/WT cells treated with PBCA nanocapsules loaded with photosensitizer molecules.
To localize the cyanine IR-780 in the cell monolayer by CLSM, microcultures of MCF-7/WT cells were trypsinized from the culture flasks and harvested on cover glasses in Petri dishes for 24 h. Then free cyanine IR-780 diluted in DMEM was added to reach a final concentration of 15x10 -6 M and an equivalent concentration of IR-780 contained in PBCA nanocapsules based on the templates C 12 DGA:iso-butanol/EMGD/water, C 12 DGHA:iso-butanol/EMGD/water, bis(C 12 GHA):isobutanol/EMGD/water and bis(C 12 GA):iso-butanol/EMGD/ water was delivered as well. The cells were incubated for 24 h at 37˚C, fixed with 4% paraformaldehyde, and washed with PBS. The slides were then mounted on the stage of a CLSM Olympus FluoView FV1000 confocal laser scanning microscope (Olympus). The fluorescent emission of cyanine IR-780 delivered to the cells was determined after excitation at 405 nm. The images (512x512 pixels) were recorded by employing a Plan-Apochromat 63x oil-immersion objective (NA: 1.4). An HFT 405/488/561 dichroic mirror and an LP 575 emission filter were used in channel 2 for detecting photosensitizer emission. Each fluorescent image was colored in red and represented an optical slice with a thickness of 1 µm. Transmitted light images were acquired simultaneously.
Oxidative stress markers. The MCF-7/WT cells were treated with nanocapsules loaded with IR-780 at equivalent 10x10 -6 M cyanine concentration. Control samples contained nanocapsules without cyanine. The cells were incubated for 24 h at 37˚C and irradiated for photooxidative stress stimulation. The total light dose of 6 J/cm 2 was emitted for 10 min using a lamp (OPTEL Opole, Fibre Illuminator) with polarized light and a red filter (λ max 632.8 nm). The energy fluency rate was 10 mW/cm 2 at the level of the cell monolayer. Incubation of MCF-7/WT was continued for 3 h and 6 h and then cells were removed by trypsinization and resuspended in PBS.
Lipid peroxidation. The final product of cellular fatty-acid peroxidation, malondialdehyde (MDA), was determined according to earlier studies (29, 32) . The MDA reacts with thiobarbituric acid (TBA) to form a colored complex, TBARS, whose level was measured by the absorbance at a wavelength of 535 nm. The concentration of MDA was quantified spectrophotometrically based on a set of MDA standards of known concentration.
Protein damage. Photooxidative stress induces a decrease of the level of free-SH groups in cellular proteins. Accordingly, the protein damage was estimated by the modified Ellman's method in which DTNB acid reacted with thiol groups (-SH) of proteins. The level of -SH groups was measured spectrophotometrically on the basis of the absorbance at the wavelength of 412 nm (29) .
Statistical analysis. Unless otherwise indicated, all the data are mean values ± SD calculated from at least three independent experiments. Student's t-test was used to test for the significance level between independent variables. The level of significance was set at p<0.05.
Results and Discussion
The focus of this study was to prepare and characterize photosensitizer IR-780 loaded poly(n-butyl cyanoacrylate) nanocapsules (PBCA nanocapsules) with the goal of enhancing its bioavailability without loss of biological activity. These nanoparticles were examined for their cellular uptake, and for their ability to induce cyto-and photocytotoxicity as well as to generate oxidative stress in the MCF-7/WT cancer cells. Throughout the studies, the effects of encapsulated IR-780 were compared with those of native photosensitizer.
Properties of empty and IR-780 loaded microemulsiontemplated nanocapsules. Nanoparticles were prepared by interfacial polymerization of n-butyl cyanoacrylate in four selected microemulsions (characteristic features are provided in Table I ) stabilized with different aldonamide-type surfactants. When the oil component of the microemulsion was replaced by cyanine dye dissolved in diethylene glycol monoethyl ether (EMGD), no change in phase behavior of the system was evident. This could be due to a stabilizing effect from the sugar-based surfactants, as reported in ref. 20 . The diameter of the obtained nanocapsules was dependent on the template type (Table II) . Accordingly, the nanocapsule size ranged from 224 to 264 nm for unloaded nanocapsules and from 233 to 276 nm for nanocarriers with encapsulated photosensitizer. The low and moderate values of the polydispersity index (PdI) determined for most of the microemulsions are in the range of 0.08-0.10 (Table I) and for obtained IR-loaded nanocapsules 0.10-0.13 (Table II) and characterize a reasonable monodispersity of the systems (33) . All IR-780 loaded nanoparticles had a negative zeta potential ranging from -27.9 to -32.1.
The morphologies of the nanoparticles were found to be spherical with a smooth surface and no change was apparent upon loading with photosensitizer (Fig. 2) . The encapsulation efficiency was around 90% and was slightly dependent on the microemulsion template used for polymerization. As can be observed, there is no significant difference in size or zeta potential value between empty and IR-780-loaded nanocapsules, indicating that these active molecules were associated with the oily core of the microemulsions rather than adsorbed on their surface.
Dark toxicity and photodynamic effect. Photodynamic therapy activates a new generation of photosensitizers belonging to the cyanine family by illumination with visible light (>630 nm), generating photocytotoxic effects (34, 35) . Here we present the results of a preliminary study to investigate therapeutic effects of active cyanine IR-780 delivered by new synthesized polymeric nanocapsules to a human cancer cell line. The viability of MCF-7/WT cells as the function of the cellular mitochondria was measured by MTT assay after 24-h incubation with both free and encapsulated cyanine. The results related to the dark toxicity evaluation of empty and IR-780 loaded PBCA nanocapsules are presented in Fig. 3 . There is no noticeable effect of empty nanocapsules on viability of MCF-7/WT cells, which indicates that the studied cyanine-free nanocarriers do not change the metabolic conditions of the breast cancer cells. Morever, a cell survival decrease after MCF-7/WT incubation with IR-780 nanocarriers resulted from the cyanine dark toxicity only when high doses of nanocapsules were used. We have previously observed a similar effect of polymeric nanocapsules fabricated by means of classical non-ionics comprising unloaded and loaded cyanine IR-768 products (17) .
The cytotoxicity of unirradiated nanocarriers with IR-780 increased along with the increase of cyanine concentration in the examined samples (Fig. 3) . However, nanocapsule 1 (systems according to Table II) based on a template stabilized with dicephalic glucoheptonyl surfactant C12DGHA caused a noticably higher decrease of MCF-7/WT cell viability in comparison to nanocapsule 2 containing the template which was stabilized by gemini glucoheptonyl surfactant bis(C12GHA). Nanocarrier systems 3 and 4 loaded with IR-780 caused diminished dark cytotoxicity (Fig. 3B ) in comparison to those mentioned above.
The irradiation process of cells treated with IR-780 loaded nanocarrier 1 was found to induce quite a significant photodynamic effect in comparison to system 2 ( Fig. 4A) . Moreover, photocytotoxicity of nanocapsules 3 and 4 ( Fig. 4B) was lower than that of 1 and 2. Such findings may suggest that the observed differences in the cyanine cyto-as well as photocytotoxicity result in varied delivery efficiency of IR-780 to the MCF-7/WT cells, which seems to be directly determined by the template type, Table I . Physicochemical properties of microemulsion templates. Table II . Characteristics of empty and IR-780-loaded poly(n-butyl cyanoacrylate) nanocapsules. Table I and their analogues without cyanine (empty 1, 2 and 4).
Microemulsion (surfactant:iso-butanol/EMGD/water) --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Surfactant Content (wt %) -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nanocapsules ----------------------------------------------------------------------------------------------------------------------------------------------Empty Loaded with IR-780 --------------------------------------------------------------------------------------------------------------------------------------
i.e., the surfactants' different structural architecture (dicephalic vs. gemini) and their hydrophobic-hydrophilic parameters such as hydrophilic-lipophilic balance (HLB) ( Fig. 1 and According to the literature data the cellular uptake of nanocarriers by endocytosis and endosome/lysosome formation determines the release mechanism of the therapeutic agent to the cytoplasm and other cellular organelles (38, 39) . There are possibilities that the structure of non-ionic sugar surfactants changes the lysosome lipid membrane stability in different ways. When the nanocapsule internalization by the treated cells proceeds by the endocytosis mechanism, one can assume that their more hydrophobic components being released in the lysosomes will solubilize the hydrophobic IR-780 to a higher extent. Furthermore, the phospholipid bilayer of the lysosome membrane will be more stabilized. We can suppose that the hydrophobic photosensitizer penetration from the lysosome to the cell cytoplasm and eventually to the mitochondrion will proceed with more difficulty than for the cargo encapsulated in nanocapsules fabricated from more hydrophilic surfactants (Table II) . The verification of this hypothesis is in progress.
FACS fluorescence detection of cyanine IR-780 delivered with polymeric nanocapsules to the human breast cancer cells.
Our present findings propose PBCA nanocapsules as a convenient carrier for the hydrophobic cyanine IR-780. In this study, the cellular association and internalization of IR-780-loaded PBCA nanocapsules were assessed in flow cytometry, which facilitated the exploration of cellular compartmentalization without cell lysis, a method commonly used in other studies (40, 41) . The in vitro IR-780 accumulation in MCF-7/WT cells has been examined after their incubation with the PBCA nanocapsules based on o/w microemulsion templates consisting of the following pseudoternary systems: C 12 DGA:iso-butanol/EMGD/ water, C 12 DGHA:iso-butanol/EMGD/water, bis(C 12 GHA):isobutanol/EMGD/water, bis(C 12 GA):iso-butanol/EMGD/water. The final concentration of cyanine was 15x10 -6 M in all experiments. The FACS analysis showed cellular uptake of IR-780 cyanine delivered in various nanocapsule systems and permitted the quantification of photosensitizer delivery in the total population of examined cancer cells as the geometric mean of fluorescence emission intensity (Fig. 5) . The GMean fluorescence signal emission intensity of IR-780 transported with nanocapsules containing microemulsion templates C 12 DGHA:iso-butanol/EMGD/water (GMean 217.44) or bis(C 12 GHA):iso-butanol/EMGD/water (GMean 103.44) was significantly higher than autofluorescence of untreated cancer cells (GMean 3.84) as well as the signal emitted by the empty nanocarriers -GMean 4.59 ( Fig. 5A and B vs. G and F, respectively. It is worth noting that the obtained histograms prove good metabolic conditions of MCF-7/WT cells in FACS experiments. The obtained nanocapsules effectively deliver IR-780 to the MCF-7/WT cells, in spite of the fact that the uptake of free photosensitizer is higher (GMean 309.27), as shown in Fig. 5E . The cell internalization of nanocapsules based on C 12 DGA:isobutanol/EMGD/water or bis(C 12 GA):iso-butanol/EMGD/ water templates is not very efficient (Fig. 5C and D) , for the weak IR-780 fluorescence (GMean 6.74 and 4.59, respectively). Relative cell fluorescence determined as GMean of treated cells compared to negative control GMean is in Fig. 5H . The FACS analysis results correspond well with the observed effects in the cytotoxicity experiments (Fig. 3) .
The efficiency of cyanine IR-780 delivery with various PBCA nanocapsules based on microemulsion C 12 DGHA:iso-butanol/ EMGD/water as the template was more efficient than that of nanocapsules containing bis(C 12 GHA):iso-butanol/EMGD/ water template, which was observed as a different right shift of histograms (Fig. 6) . Probably, C12DGHA can better facilitate the cyanine release to the cell cytoplasm by changing the stability of endosomal vesicle membranes, as found by others (38, 39) .
Moreover, the FACS analysis was used for nanocapsule time-dependent stability determination. Our results indicate that the nanocapsule dispersions in water stored at room temperature in dark conditions demonstrated good stability for over three months (Table III) . We should also note that IR-780 loaded nanocapsules stored under the same conditions do not influence the MCF-7/WT autofluorescence even after quite a long time. However, as reported by Yordanov et al, a small decrease in the delivery efficiency of the loaded polymeric nanocapsules may be a consequence of partial erosion of PBCA nanocapsules (42) . Additionally, some differences in uptake may be related to a discrepancy in divisional state of the cells or be caused by cell heterogeneity of the used tumor cell lines (43, 44) . Further studies are needed to clarify this problem. 
Localization of IR-780 delivered with nanocapsules to the MCF-7/WT cells by CLMS.
The localization of the cyanine IR-780 in the MCF-7/WT cells treated with free photosensitizer or IR-780-loaded nanocapsules was also examined in a confocal laser scanning microscope. The final 15 µM concentrations of IR-780 were used for the CLSM experiments due to the photobleaching phenomenon (45) . The intracellular fluorescence emission after the excitation of cyanine IR-780 at 633 nm was observed as shown in Fig. 7 . The photosensitizer molecules were regularly diffused in the cell cytoplasm and were not observed in the nucleus. Similar results of cyanine IR-768 or chemotherapeutic agent doxorubicin localization in MCF-7/WT cells was described previously for polymeric nanocapsules based on microemulsions stabilized by non-ionic commercial surfactants or for polyelectrolyte shells loaded with doxorubicin (17, 46) .
The empty nanocapsules do not show fluorescence emission in every case in control experiments (Fig. 7F) , which indicates that the nanocapsules without cyanine do not stimulate the breast cancer cell autofluorescence. The cell morphology is normal, which corresponds with histograms of the FACS analysis, where only an insignificant amount of the cell population is dead (Fig. 5) . Those results were confirmed by the MTT experiments (Fig. 3) . Moreover, we can suggest that the studied dye essentially does not aggregate inside the cells and is able, therefore, to act as an efficient photosensitizer. Additionally, the intracellular localization of IR-780 indicates the usefulness of nanocapsules based on C 12 DGHA:iso-butanol/EMGD/ water or bis(C 12 GHA):iso-butanol/EMGD/water templates, as nanocarriers for photosensitizer delivery, as was reported for other polymeric nanocapsules containing templates stabilized by non-ionic polyoxyethylene surfactants (17) . Somewhat diminished fluorescence intensity of IR-780 in MCF-7/WT cells which were incubated with nanocapsules and stored for 15 weeks confirms the slight decrease of the efficiency of photosensitizer delivery observed also in the FACS analysis.
Oxidative stress markers. Most of the previous reports described only the cyto-and photocytotoxic effects of photosensitizers delivered to the cells with various nanocarriers (17, 47) . We first showed that the active photodynamic response leads to effective generation of oxidative stress in the MCF-7/WT cells treated with cyanine IR-780 containing the new type of polymeric nanocapsules. The ability to produce singlet oxygen and other reactive oxygen species depends on the aggregation state of photosensitizer molecules and the photobleaching effect (31, 48) . The incubation of MCF-7/WT cells with 10x10 -6 M equivalent concentration of encapsulated cyanine IR-780 increased cellular oxidative stress. We observed an increase of MDA concentration as a marker of lipid peroxidation and a decrease of free thiol groups as an effect of protein oxidation. Some data showed that both of the two main constituents of cellular membrane, i.e., lipids and protein, may be damaged by the photodynamic reaction (3, 49, 50) . The distinct photodynamic effect was observed generally 3 h after exposure of the treated cells to light (Fig. 8) .
The increase of time of incubation after irradiation does not lead to any changes in level of oxidative stress markers under the experimental conditions. The loaded cyanine PBCA nanocapsules and free cyanine significantly increased lipid peroxidation in the breast cancer cells after 3 h of irradiation in comparison to control untreated cells or cells incubated with photosensitizer without light excitation.
The relative increase of the lipid peroxidation product (MDA) as well as the most significant effect of oxidation of protein thiol groups were observed after MCF-7/WT cell photoirradiation in the presence of nanocapsule 1, while the smallest effect was observed for 4 ( Fig. 8) . Relatively high values of the MDA concentration, determined for cells in the case of system 4 ( Fig. 7A) were caused by higher amounts of cells in the experimental samples. However, it should be underlined that the MDA increase after irradiation was the lowest among the studied systems. The decrease of oxidative stress markers investigated in MCF-7/WT cells treated with nanocapsules with IR-780 after a long time of storage confirmed the results of the FACS and CLSM observations (Table IV) . It is evident that nanocapsule system 1 (according to Table II) showed better time-dependent stability in comparison to system 2, which was observed in photodynamic effects and changes in oxidative stress markers. Table III . Influence of nanocapsules storage time on the effectivity of IR-780 delivery by PBCA nanocapsules to the MCF-7/ WT cells. 
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Our results prove that the cyanine IF-780 delivered in PBCA nanocapsules to the MCF-7/WT cells is still sensitive to photoirradiation. Intensity of oxidative stress generated by the photosensitizer depends on the effective uptake of nanocapsules by the treated cells. Probably those effects are dependent on the type of surfactant structure used to form all the studied templates applied in nanocapsule fabrication. The delivery system based on C12DGHA constitutes the most stabile and promising nanocarrier for delivering IR-780 to cancer cells, and that confirms their potential usefulness for PDT.
In conclusion our present findings recommend the PBCA nanocapsules based on o/w microemulsions stabilized by nonionic aldonamide-type surfactants as a convenient carrier for the hydrophobic cyanine IR-780. General features of the performed experiments reveal that biological responses of breast cancer cells treated by poly(n-butyl cyanoacrylate) nanocapsules are dependent on the surfactant structure. The obtained polymeric nanocarriers loaded with IR-780 prepared by interfacial polymerization can be applied as efficient photosensitizer carriers for photodynamic therapy due to biocompatibility. It is worth emphasizing that cyanine delivered to the cells maintains active monomolecular form and is regularly distributed in the cytoplasm of cancer MCF-7/WT cells. The irradiation of cyanine IR-780 release from nanocapsules in the MCF-7/WT cells generated a photodynamic effect and increased oxidative stress. 
